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Summary 

This  [»oject  involved  the  study  of  a  variety  of  different  surfaces  and  structures  in  gaseous  and  liquid 
environments  using  the  scanning  tunneling  microso^  (STM)  and  other  scanning  probe  microsct^s 
(SPM's)  with  the  aim  of  obtaining  a  better  understanding  of  electrode  surfaces  and  the  processes  occuiing 
on  these  surfaces.  With  the  STM  we  investigated  chemical  changes  tm  the  surface  of  electrodes,  e.g., 
corrosion,  passivation,  and  biochemical  activities,  and  studied  the  energetics  for  electron  transfer  at  the 
surfaces  of  semiconductors.  We  also  investigated  nanostructures  (for  exaiiq>le,  very  small  semiconductor 
particles,  porous  Si,  and  self-assembled  monolayers  (SAM))  using  this  technique. 

In  the  final  year  of  this  project,  SPM's  were  used  to  shidy  several  interesting  electrochemical  problems. 

(1)  SAM  on  Audi  1).  In  our  continued  study  of  the  packing  of  alkylthiols  on  the  Au  substrate,  the 
formation  of  multilayers  was  observed  when  the  Au  substrates  were  immersed  in  a  solution  containing 
alkylthiols  for  more  than  4-5h.  (2)  Corrosion  of  Ni(001)  in  1  M  NaOH.  We  used  the  STM  to  examine 
the  anodic  oxides  formed  on  Ni(OOl)  under  potential  control  in  1  M  NaOH.  Atomic  images  of  nickel 
oxides  were  obtained  and  the  dynamics  of  oxide  film  growth  were  observed.  (3)  Porous  Silicon.  SPM, 
XPS,  FTTR.  and  laser  ionization  microanalysis  (LIMA)  techniques  have  been  used  to  examine  the  surface 
morphology  and  chemical  nature  of  porous  silicon.  The  results  suggest  that  the  photoluminescence  from 
porous  Si  might  be  caused  by  a  chemically  modified  layer  mi  the  surface.  (4)  Enzvme  microelectrodes  for 
the  scanning  electrochemical  microscope.  We  demonstrated  that  the  utilization  of  horseradish  peroxidase 
microelectrodes  can  be  used  for  mechanistic  studies  of  oxygen  reduction  and  the  the  detection  of 
immobilized  oxidases  without  the  need  for  artificial  redox  mediators.  (S)  CuH  1 D  Dissolution  in  aqueous 
chloride.  In  situ  STM  analysis  was  used  to  ascertain  the  mechanism  of  the  anodic  dissolution  of  Chi(l  1 1) 
in  aqueous  chloride  media  with  atomic  resolution.  STM  imaging  at  potentials  where  Cu  dissolution  begins 
revealed  that  the  preferred  reaction  sites  were  step  edges,  and  that  the  retreating  edges  ran  along  steps  in 
the  {211}  direction. 
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